lectronic medical records (EMRs), first implemented in the 1960s, were quickly recognized as a revolutionary data-communication system that could improve patient safety as well as the quality and efficiency of patient care 1 . Numerous EMR systems have been developed since that time, and such systems have become increasingly robust in their capabilities to capture and organize patientcare data. The incorporation of semi-structured notes and diagnosis-tailored templates in the EMR can improve the accuracy, organization, and completeness of the data collected 2, 3 . However, as our health system becomes more electronically dependent, concerns regarding the successful implementation and optimization of a standardized template have been raised as a result of the competing interests of information technology professionals, hospital administrators, and clinicians 4 . Our institution, a tertiary pediatric referral center, implemented an EMR system in 2003. Over the past 10 years, we have critically evaluated EMR usage at the institution and have explored methods to improve the efficiency of our EMR documentation practices. Trauma represents one area of clinical care in which we have devoted substantial resources to the improvement of documentation practices. This focus was based on the importance of effective communication between providers and accurate documentation of treatment in trauma cases, which often requires rapid clinical decisions that are typically made by multiple subspecialists. Supracondylar humeral fractures, one of the most common fracture types requiring surgery in children, were selected as an area of strategic focus.
Supracondylar humeral fractures typically are associated with a benign clinical course. The prevalence of neurovascular deficits is low (2.6% to 4.6%) 5, 6 , but, if not detected early and addressed appropriately, these injuries can have considerable lifelong consequences 7 . Documentation of comprehensive vascular, motor, and sensory assessments is paramount to guiding treatment and improving patient care and safety.
Because of the importance of early detection and appropriate management, we reviewed the preoperative documentation practices at our institution for all patients undergoing operative treatment of supracondylar humeral fractures. That preliminary study revealed that the comprehensive documentation of preoperative neurovascular status as assessed with vascular (8%), motor (56%), and sensory (49%) examinations was alarmingly less frequent than anticipated. To address this deficiency, a multidisciplinary team of clinical stakeholders was created to design and implement a set of standardized note templates to be embedded in the EMR. The purpose of the present study was twofold: (1) to describe the process by which a standardized note template was created in our institution's EMR, and (2) to compare the neurovascular screening documentation practices before and after the implementation of that standardized template.
Materials and Methods
Historical Control Group: Pre-Template Group W e conducted an initial review of patients who underwent operative treatment of a supracondylar humeral fracture between August 2009 and August 2010 (n = 515). Only those who had completely displaced fractures were considered for inclusion in the study. Patients who had a supracondylar refracture, open fracture, or intra-articular fracture as well as those who aspirated during surgery were excluded from the study (Fig. 1) . Data related to demographic characteristics, clinical characteristics, surgical complications, and preoperative physical examination documentation (vascular, motor, sensory, and overall) were extracted. The proportion of charts that included a complete vascular, motor, sensory, and overall examination was analyzed. A complete preoperative vascular examination was defined as documentation of color, capillary refill, temperature, and radial pulse. A complete preoperative motor examination included notes on the motor function of the radial/posterior interosseous nerve, median/anterior interosseous nerve, and ulnar nerves. A complete preoperative sensory examination included notes on radial, median, and ulnar nerve sensory distributions. A complete overall examination included complete vascular, motor, and sensory examinations. The data collected in that preliminary study of 224 patients (the pre-template group) were used as an historical reference to represent documentation practices prior to the implementation of the standardized note template.
The charts of patients with vascular and nerve deficits were further evaluated to identify the time at which the neurovascular injuries were documented. An asymmetrical radial pulse on palpation at the time of presentation was used to define a vascular deficit. A sensory nerve deficit was defined as decreased or absent light-touch sensation in the respective peripheral nerve distributions, whereas a motor nerve deficit was defined as decreased or absent motor function in a myotome on examination.
Template Development A multidisciplinary quality task force comprising 2 attending orthopaedic physicians, 1 attending orthopaedic upper-extremity surgeon, 1 physician assistant, 1 research assistant, and 1 representative from the bioinformatics department was formed. The goal of the group was to develop and implement a stand-alone, standardized note template that would improve neurovascular documentation practices for supracondylar humeral fracture. The components of the note template were initially developed on the basis of expert clinical input provided to the focus group as well as a review of the current literature (Fig. 2) . We elected to avoid mandatory fields, giving providers a free-text field to document examination findings determined not to fit within one of the predefined categories (see Appendix).
A total of 6 templates were created and embedded into the EMR: (1) a preoperative consultation template for observations made on admission and/or immediately preoperatively; (2) a progress template for situations in which the child was not immediately taken to the operating room (also referred to as a rounding note); (3) an operative template for notes regarding intraoperative observations; (4) a postoperative template for notes on examination in the recovery room before discharge (postoperative progress note) and/or during the inhouse postoperative stay (rounding progress note); (5) a postoperative template for notes made during clinical examination of the patient while the limb was immobilized in a cast; and (6) a postoperative template for notes made during clinical examination of the patient after removal of the cast. The present study analyzed the first of these templates (i.e., the preoperative consultation note template).
Formative Evaluation
Once the templates were approved by the faculty, the bioinformatics representative aided in the incorporation of the notes into EPIC (EPIC Systems). The notes initially were implemented in June 2012. Additional modifications were made to the templates during a 3-month optimization period. The note templates were considered functional as of August 2012.
Process Evaluation
User satisfaction with the note templates was assessed on the basis of qualitative interviews. Minor changes were made to the organization and appearance of the note templates. To assess compliance, a random sample of 50 patients was selected from a cohort of 261 patients who were treated after the initial implementation of the template (from May 2012 to October 2012). The rate of template compliance was 82% in this random subset of patients.
Outcome/Impact Evaluation: Template Group A query of ICD-9 (International Classification of Diseases, Ninth Revision) procedure and diagnostic codes was used to identify 479 fractures that were treated operatively between August 2012 and August 2013. A total of 300 patients met the criteria for inclusion in the template group (Fig. 1) . Data related to demographic characteristics, clinical characteristics, and documentation of preoperative examinations (vascular, motor, and sensory) were extracted. The same definition of complete vascular, motor, sensory, and overall examinations that had been used for the preliminary study (pre-template group) was used for the template group. Patients with vascular and nerve deficits were evaluated to identify when the neurovascular injuries were first documented (i.e., preoperatively versus postoperatively).
Statistical Analysis
Descriptive statistics were used to summarize the demographic and clinical characteristics of all patients. Chisquare, Fisher exact, or Student t tests were used to compare the demographic and clinical characteristics of the pretemplate and template groups. Logistic regression analysis was used to compare the odds of complete vascular, sensory, motor, and overall examinations between the 2 groups. Examination completeness was based on all notes that were made prior to surgery. For patients in whom a nerve injury and/or vascular deficit developed, separate logistic regression analyses were used to compare the odds of the injury being identified in the pre-template and template groups prior to surgery. Age was included in all models as a potential confounding variable.
Results

T
he pre-template group included 224 patients, and the template group included 300 patients. The demographic and clinical characteristics of the 2 groups were not significantly different with respect to age, sex, the presence of a concomitant fracture, the need for open reduction, nerve injury, nerve deficits, vascular deficits, provider type, or the duration of follow-up (Table I) .
The proportions of preoperative notes with documentation of complete vascular, motor, sensory, and overall examinations were significantly (p<0.0001) greater in the template group than in the pre-template group (proportion of complete overall examinations, 85.0% [255 of 300] compared with 3.6% [8 of 224], respectively) ( Table II) . The odds of a complete vascular examination (odds ratio [OR], 70.7; 95% confidence interval [CI], 39.5 to 126.6; p < 0.0001), motor examination (OR, 17.6; 95% CI, 9.5 to 32.7; p < 0.0001), sensory examination (OR, 23.9; 95% CI, 12.9 to 44.4; p < 0.0001), and overall examination (OR, 153.9; 95% CI, 70.9 to 334.0; p < 0.0001) being conducted were significantly higher in the template group than in the pretemplate group.
The prevalences of nerve injuries and vascular deficits were similar in the 2 groups (Table III) . Among patients with a nerve injury, the timing of nerve-injury identification was significantly different between the groups. Nerve injuries were more likely to be identified prior to surgery in the template group (83.0%) than in the pre-template group (49.1%) (OR, 6.8; 95% CI, 1.7 to 27.1; p = 0.0067). There was no significant difference in the proportion of vascular deficits identified before surgery in the template group (72%) compared with the pre-template group (70%) (OR, 1.2; 95% CI, 0.2 to 7.0; p = 0.8127).
Discussion
E arly identification and treatment of neurovascular injuries associated with supracondylar humeral fractures is highly dependent on complete and consistent physical examinations. To our knowledge, this is the first study in the orthopaedic literature to evaluate standardized note templates embedded in the EMR in order to improve documentation. The implementation of the templates in the EMR was an active process, including time for optimization and adaptation, which was designed to improve treatment practices and clinical interventions. In the present study, the methodology for the implementation of standardized note templates resulted in a substantial improvement to the proportion of EMR notes with documentation of complete vascular, motor, and sensory examinations.
Numerous barriers to the implementation of a successful EMR system have been described 8 . Concerns exist regarding the completeness, accuracy, and quality of the available documented data 9 , especially when free-text narrative notes are used to document objective findings. Therefore, some investigators have supported alternative methods, such as semi-structured notes with narrative text organized under standardized headings 3 . Fielstein et al. demonstrated that examination note templates utilized in the Veterans Affairs EMR were 10% to 26% more detailed and accurate than provider-dictated notes 2 . Semi-structured templates also have been reported to be favored by the physicians who read them as they can improve accuracy, organization, and completeness of the data collected while also aiding in clinical research by providing set locations for the data being utilized 3 . The growing dissatisfaction and disconnect between clinicians, hospital administrators, and information technology professionals regarding EMR systems represents another important barrier 4 . Most notably, many clinicians are dissatisfied with the lack of flexibility within the EMR system and the failure of institutions to engage clinicians during EMR implementation and/or adaptation 4 . The present report describes a reproducible method for minimizing these concerns. Structured template notes were developed on the basis of collaborative efforts between the bioinformatics department and clinical staff. By engaging the orthopaedic surgical faculty during the template development and implementation phases, we ensured that providers were invested in the process and that the templates appropriately reflected their clinical needs. Implementation was an iterative process in which templates were introduced, tested, and subsequently modified until the end users were satisfied with their completeness and usability. The results of the intervention were extremely positive: the proportion of complete neurovascular examinations as documented in the EMR for patients with supracondylar humeral fractures jumped from 3.6% to 85.0%.
Improved documentation practices also contributed to earlier detection of neurological injuries associated with displaced supracondylar humeral fractures. In the case of an evolving neurological injury, an accurate and reproducible examination can assist in determining the proper timing of definitive surgical treatment. There is currently no definitive consensus with regard to the timing of operative fixation of displaced supracondylar humeral fractures with associated neurological injuries. However, early intervention should be considered as neurological injuries and severe elbow swelling can be early warning signs of compartment syndrome 7 . There are several additional benefits of earlier identification and documentation of a neurological deficit. First, in many hospitals, patient hand-offs can be frequent and can involve many different providers; therefore, having more complete and accurate notes can improve communication between multiple providers caring for the same patient. Second, parents of injured children may have a high level of anxiety, which can be exacerbated by inconsistent examination findings that may change already-established treatment plans. Finally, it is extremely important to identify and distinguish a preoperative neurological injury from an iatrogenic injury as the outcomes can be different and the medicolegal ramifications of a missed neurovascular injury can be prohibitive.
The use of standardized note templates at our facility did not contribute to earlier identification of vascular injuries in pediatric patients with displaced supracondylar humeral fractures. As vascular examinations are more objective than neurological examinations, and the latter might be harder to perform (especially in young children), the providers in the present study may have been more likely to identify vascular injuries than neurological injuries both before and after the introduction of the templates.
The present study had several limitations. Data from the pre-template group were collected on the basis of a retrospective chart review. Neurovascular examination documentation data were limited to preoperative notes only. We observed no difference in the prevalence of nerve injuries between the pre-template and template groups. It is possible that the note templates improved documentation practices but had no meaningful impact on the identification of nerve and vascular injuries. However, as the true prevalence of nerve injuries in the 2 groups was not known, the examination accuracy could not be assessed within the 2 groups. Another limitation is that we did not directly measure improvements in patient outcomes, although earlier documentation of neurological injuries was used as a surrogate marker for improved clinical outcomes under the assumption that early documentation has the potential to lead to improved patient outcomes. However, additional research is needed to determine whether early documentation is associated with a decreased risk of adverse outcomes. Additionally, we were unable to determine the true prevalence of nerve and/or vascular injuries. Estimates of injury prevalence are limited by the accuracy of measurements based on physical examinations. Finally, improvements in documentation practices were only evaluated during a 1-year period. It is unclear whether improvements in documentation practices will be retained when the study team is not actively measuring provider compliance. Future studies should assess whether template usage results in more efficient delivery of medical care, earlier identification of potentially preventable complications associated with other injuries, improvement in patient safety, or higher-quality data for research purposes.
The results of the present study indicate that standardized templates embedded within the EMR can improve the clinical documentation of pediatric supracondylar humeral fractures. A multidisciplinary team approach, including both providers and bioinformatics personnel, was essential to the formation, implementation, and clinical optimization of the templates; this methodology could easily be utilized to improve clinical documentation in other orthopaedic diagnoses. Although the technical details of template implementation are likely to vary across commercial EMR systems, we believe that our methodology of engaging clinicians during EMR development and implementation is likely to be successful regardless of the EMR platform.
